This paper presents morphological descriptions and ecological data of cryptogam spores and other non-pollen palynomorphs from Quaternary sediments of Campos Basin, Rio de Janeiro, SE Brazil. The ages were derived from biostratigraphy of planktonic foraminifers and two radiocarbon dates, and suggest that sediment deposition started in the last 140,000 years BP. Thirty different types of palynomorphs were identified, described, and photographed: two bryophyte spores (sensu lato); 21 pteridophyte spores; four freshwater microalgae; onePseudoschizaea; and two microfungi. Some of the identified spores (Sphagnum, Blechnum, Cyatheaceae, Dennstaedtiaceae, Lycopodiella, Microgramma, Polypodium, Acrostichum, Pityrogramma, and Lygodium) are related to the modern flora found on the northern coast of Rio de Janeiro State, at the Restinga of Jurubatiba, from vegetation types such as shrub swamp/ coastal swamp formation, seasonally flooded forest, Clusia and Ericaceae woods, and disturbed vegetation. The freshwater microalgae and the microfungi are also presently recorded from the coastal lagoons of this region. The high spore concentration in slope sediments reflects the intense terrigenous influx, caused by a relative low sealevel during glacial stages. Palynological analysis suggests the presence of taxa from flooded forests and humid areas in the coastal plain during glacial and interglacial stages of the Late Pleistocene.
Introduction
As pollen and spore morphotypes are very similar to those produced by modern living plants, allowing precise taxonomic identifications at family and genera levels, and as they can indicate ecological processes that took place over timescales on the order of millennia, they are widely used in paleoenvironmental reconstructions on both local and regional geographical scales, together with other types of palynomorphs (Salgado-Labouriau 1994) .
Even though palynological records from southern (Neves & Lorscheitter 1996; Behling 2002; Neves & Bauermann 2003; Medeanic 2006; Medeanic et al. 2006; Scherer & Lorscheitter 2008; Cancelli et al. 2012 ) and southeastern Brazil (Freitas 2005; 2011; Luz et al. 2006; 2011; Toledo et al. 2009; Freitas & Carvalho 2011; are far from complete, they provide a general picture that allows a better understanding of past vegetation and climate dynamics. They may also be used as a paleoenvironmental tool, especially for marine deposits (Lorscheitter & Romero 1985; Behling et al. 2002; Freitas 2005; Freitas et al. 2007; .
The deposition of spores and pollen grains in quaternary marine sediments of Campos Basin is mainly a function of riverine transport, which is strongly influenced by changes in the relative sea level during glacial-interglacial cycles during Pleistocene . These authors reported high percentage values of spores from tree ferns (e.g. Cyathea and Dicksonia), probably transported by the Paraíba do Sul river.
The evolution of the southeastern Brazilian coast was strongly affected by relative sea level changes that took place during Late Pleistocene, as the coastal plain was formed during two different stages of high sea level: in the previous interglacial (approximately 123,000 years BP) and most Campos Basin, which is located to the northeast off the Rio de Janeiro coast. Throughout the analyzed core ( Fig. 1 ) the relationship between the identified spores (fossil) and the modern flora of pteridophytes found in the vegetation formations on the continent is clear (Freitas 2005; Freitas et al. 2013) . Therefore, these results along with the pollen data constitute an inventory of the Quaternary flora of SE Brazil, and may be a useful tool for other paleoclimate and paleoenvironmental reconstructions conducted in the SE region of Brazil.
Hydrodynamics and depositional aspects of palynomorphs
Hydrodynamical and meteorological aspects (Tyson 1995) control pollen and spore dispersal. Allochthonous palynomorphs are transported to the water after being released from the originating plant. At this dispersal stage, palynomorphs can spread out over large areas, and may be found very far from the source. The general rule of thumb is that the further the distance from the source plant, fewer palynomorphs are to be found in the sediments, and the opposite is also true, as most of the pollen and spores produced fall close to the plant that produced them. The floating time of palynomorphs on water mainly depends on the specific gravity of each palynomorph, palynomorph shape, and protoplasm decay rates. As palynomorph size is similar to that of silt and clay particles, when river transported, palynomorphs can overcome the barrier of waves and be deposited near the edge of the continental shelf and slope (Tyson 1995) . On the continental slope thick layers of sediment can be carried to abyssal depths, mainly by turbidity currents through sub- marine canions. The deposition patterns of palynomorphs in marine sediments are mainly a function of drainage basin characteristics, such as basin dimensons, and river discharge, among others (Mudie 1982) , and as you go further offshore, the abundance of palynomorphs markedly decreases. In large river systems, such as the Amazon, Mississippi, Nile, and Orinoco rivers, the transport is much more efficient, and sediments and palynomorphs accumulate further from shore and faster than in other regions. Gregory & Hart (1992) promote the use of the pollen grain/spore ratio to infer relative sea level, because at low sea level, there is an increase of spore abundance, whereas pollen grains accumulate increasingly during conditions of high sea levels.
Study area
Campos Basin is located on the southeastern coast of Brazil, 21°-23°S, between Vitória High and Cabo Frio High (Fig. 1) . The coastal plain of northern Rio de Janeiro is wide (21°30'-22°15'S), and because it includes the Paraiba do Sul River estuary, it is affected by both the river and the sea (Radambrasil 1983) . As the Paraiba do Sul River is 1145 km long, and its drainage basin is 55,400 km 2 (Molisani et al. 1999) , including the mountain ridges of Serra do Mar and Serra da Mantiqueira , it constitutes a major terrigenous input of sediments (including continental palynomorphs) to the continental slope.
Climate is warm (23°C) and humid, with wet summers and dry winters. The mean annual precipitation varies between 650 and 1000 mm, and the dry season lasts 3-4 months (Nimer 1979) .
The modern vegetation of the region is a mosaic of rain forest (Floresta Ombrófila Densa), seasonally dry forest (Floresta Estacional Semidecidual), coastal woodland and mangroves (pioneer formations), and cultivated areas (Radambrasil 1983) . Phytosociological studies conducted in the region (Assumpção & Nascimento 2000; Silva & Nascimento 2001; Moreno et al. 2003; Pimentel et al. 2007) identified deciduous forests on top of Tertiary coastal plateaus, and a xerophytic type of vegetation (restinga) near the shore. The restinga vegetation is strongly influenced by the sea, and presents several grades of physiognomy (i.e., from herbaceous to shrubby woodlands). Along the entire coast, mangroves are also easily found (IBGE 1992) (Fig. 1) . In addition, the Jurubatiba Coastal Woodlands National Park, a very important conservation area located in this region, harbors many restinga ecosystems (Costa & Dias 2001; Pereira et al. 2004; Montezuma & Araujo 2007) .
The marine currents carry sediments, including organic matter and palynomorphs, over the continental shelf (where submarine canyons are abundant) from the continent to the continental slope. Estimated sedimentation rates are higher for the Pleistocene (40-140cm/1000 years) than during the Holocene (12.7cm/1000 years) (Vicalvi 1997) . The amount of airborne palynomorphs deposited in these marine sediments is supposedly negligible because the prevailing wind direction is from the sea to the land (Nimer 1979) , although dry winds occasionally blow from the west and northwest (Ybert 1980 ).
Material and methods
The sediment core BU-91-GL-05 (22°08'12" S; 39°54'53" W) is 149.5m long and it was raised from a 630 m water depth from the Albacora Slope, northern Campos Basin (Fig. 1) . The core is composed mainly of organic mud alternated with sand layers (63-65m and 97-100m depth) and a slump deposit (126.7-127.85m depth) (Fig. 1 ). The age model is based on biostratigraphy of planktonic foraminifers (Vicalvi 1997 ) and radiocarbon ages from 1.3-1.5m and 10.2-10.4m depths (Tab. 1). The radiocarbon dates (AMS) were obtained at the Beta Analytic Inc. (USA) and calibrated using the latest IntCal09 curve (Ramsey et al. 2009 ) on Calib 6.1.1 software (Stuiver & Reimer 1993) .
Forty-three samples (10-20g of sediment each) were used for palynological analysis. The chemical attack avoided organic matter oxidation and followed Tyson (1995) and Mendonça Filho et al. (2002) , using hydrochloric and fluoric acids to dissolve carbonates and silicates, and heavy liquid separation with zinc chloride (D=2.0) to concentrate the organic residue. The palynological slides are stored at the Laboratório de Paleoecologia Vegetal, in the Departamento de Geologia e Paleontologia of Museu Nacional, Universidade Federal do Rio de Janeiro. For each sample, were counted between 200-300 palynomorphs, with the exception of just a few samples where concentration was to low (0.3 m, 1.3 m, 64.62 m, 70.45 m, 86.17 m, 99 .75 m e 128.5 m), which coincided with sand layers in the core (Freitas 2005) .
The taxonomic identification was based on morphological features such as polarity, size, amb (shape and symmetry), and exospore ornamentation. Regarding the scars or laesurae, the spores may be called alete (no laesura), monolete (a single laesura), or trilete (three laesurae or a triradiate laesura). In the photographs, the laesurae will always be in proximal view, facing the center of the tetrad (Traverse 1988) . The descriptive terminology follows the International Code of Botanical Nomenclature (ICBN), glossaries of pollen and spore terminology (Punt et al. 2007; Ybert et al. 2012) , and further publications from Erdtman Table 1. 14 C dating of the BU-91-GL-05 core, Albacora Slope. Ages were calibrated based on Stuiver & Reimer (1993) and Ramsey et al. (2009) (1969), Roubik & Moreno (1991) ; Leal & Lorscheitter (2006) ; Leonhardt & Lorscheitter (2007) and Freitas et al. (2007) . Quantitative (percentage) of pteridophyte spores identified is exposed in Fig. 2 . Studies of fossil microfungi usually follow Saccardo (1931) , which is based on number of cell and septa organization. However, in more recent taxonomic studies (Kalgutkar & Jansonius 2000) , it has been suggested a few modifications to this system, due to the morphological complexity that has been found in both fossil and modern fungi, with a special regard to presence/absence of apertures (pores or colpi). Therefore, the identification and description of non-palynological palynomorphs (e.g. freshwater algae, microfungi, and pseudoschizaea) were carried out following Christopher (1976) , Geel & Hammen (1978) ; Kalgutkar & Jansonius (2000) ; Freitas et al. (2007) ; Freitas & Carvalho (2011) . All the photographs were taken on a transmitted light Zeiss microscope under 400x and 1000x magnification, using Axiovision software 6.0 (Carl Zeiss, Oberkochen, Germany).
Results and discussion

Palynological Analysis
In the studied samples, Pteridophyte spores make up to 83% of land palynomorphs (Fig. 2) (Ferrazo et al. 2008) and the herbaceous-swampy formation of the Jurubatiba Coastal Woodlands National Park (Rio de Janeiro State) (Santos et al. 2004) (Neves & Bauermann 2003; Medeanic, 2006) . Also found in Holocene sediments from Buenos Aires, Argentina (Prieto & Quattrocchio 1993) . Core Record: E.F. coordinates E41, 1000x magnification, GL05/38 (128.1 m depth). References: Leal & Lorscheitter (2006) . (Ramos & Sylvestre 2010) . Core Record: E.F. coordinates H39/2, 1000x magnification, GL05/17 (51.63 m depth). References: Medeanic (2006) and Leonhardt & Lorscheitter (2007 Medeanic (2006) and Leonhardt & Lorscheitter (2007) .
Order Selaginellales Family Selaginellaceae 5. Selaginella P. Beauv. Fig. 3F Description: trilete spores, monads, medium size, radially symmetric, heteropolar, circular to sub-triangular in polar view. Baculate exosporium, perine is absent. Equatorial axis: 34.5-37.2 μm. Comments: it is considered on of the most diverse genus recorded in Brazil (Prado & Sylvestre 2010) . Ecological Data: moist environments (Lorscheitter et al. 1999 apud Cancelli et al. 2012 . Occurrence: recorded in Atlantic forest inselbergs from Rio de Janeiro (Santos & Sylvestre 2006) and Espírito Santo states (Aquije & Santos, 2007) . Also recorded in mesophillous woodlands at 1500 m a.s.l. (above sea level) in central Sierra Madre, Mexico (Gomez-Noguez et al. 2013) , and in Holocene sediments from the coastal plain south of Santa Catarina State (Cancelli et al. 2012) . Core Record: E.F. coordinates U53/2, 1000x magnification, GL05/08 (13.75 m depth). References: Roubik & Moreno (1991 Table 2 . Relationships between plant spores registered in this work and the present-day taxa occurrence in plant communities at "Jurubatiba Coastal Woodlands National Park" (Rio de Janeiro State). References: Santos & Sylvestre (2001) and Santos et al. (2004) . (Garcia 1997) , in mesophilous woodland at 1500 m a.s.l., in the Sierra Madre Central, Mexico (Gomez-Noguez et al. 2013) . Also recorded in Holocene sediments from the Argentinean Province, related to the modern highland pteridoflora from Ventania (Argentina), along side with Polypodium e Anemia (Prieto & Quattrocchio, 1993 (Prado & Sylvestre 2010) . Ecological Data: herbaceous plant that might be rupiculous, commonly found within woodlands, on humid and shaded areas (Lorscheitter et al. 2002 apud Leal & Lorscheitter 2006 . Occurrence: Atlantic Rain Forest on steep hills from Rio de Janeiro (Santos & Sylvestre 2006) and Espírito Santo states (Aquije & Santos 2007) , and in the swamp forest of Rio Grande do Sul State (Leal & Lorscheitter 2006 ). Core Record: E.F. coordinates U53/2, 1000x magnification, GL05/08 (13.75 m depth). References: Roubik & Moreno (1991) .
Fosil plant spores
Restinga vegetation
Family Blechnaceae 20. Blechnum L. Fig. 5A Description: monolete spores, monads, bilaterally symmetric, ellipsoidal shape, concave-convex. Psilate exosporium with two layers of same thickness. on Atlantic Rain Forest inselbergs from Rio de Janeiro (Santos & Sylvestre 2006) and Espírito Santo states (Aquije & Santos 2007) , in the flooded forest and Ericaceae restinga of Jurubatiba Coastal Woodlands National Park (Norte do Rio de Janeiro), associated to Typha dominguensis and Pityrogramma calomelanos (Santos & Sylvestre 2001) . It is also found on the pteridoflora of Cerrado from Minas Gerais State (Arantes et al. 2008 (Batten & Grenfell 1996) . Occurrence: Holocene lake sediments of coastal plain from Rio de Janeiro State (Barth et al. 2001; Dias et al. 2001; Luz et al. 2006; 2011; Freitas 2011) and in Quaternary marine sediments from Campos Basin . (Geel & Grenfell 1996) . Occurrence: in Holocene sediments of coastal plain from Rio de Janeiro State (Barth et al. 2001; Freitas 2011 ) and southern Brazil (Santa Catarina and Rio Grande do Sul states) (Medeanic 2006; Cancelli et al. 2012) . It is also recorded in Quaternary sediments from Colombia (Geel & Hammen 1978 (Geel & Grenfell 1996) . Occurrence: in Holocene sediments of coastal plain from Rio de Janeiro State (Barth et al. 2001; Freitas 2011) and southern Brazil (Santa Catarina and Rio Grande do Sul states) (Medeanic 2006; Cancelli et al. 2012) . It is also recorded in Quaternary sediments from Colombia (Geel & Hammen 1978 (Coelho et al. 2008) , coastal plain of northern Rio de Janeiro State (Barth et al. 2001; Luz et al. 2006; 2011) , and southern Brazil (Santa Catarina e Rio Grande do Sul states) (Medeanic 2006; Cancelli et al. 2012 (Medeanic et al. 2008) , shallow and stagnant water (Luz et al. 2011) . Occurrence: cosmopolitan, in Holocene peat sediments from Atlantic Rain Forest (Coelho et al. 2008) , coastal plain of northern Rio de Janeiro State (Barth et al. 2001; Luz et al. 2006; 2011; Freitas et al. 2007) , and southern coast of Santa Catarina State (Cancelli et al. 2012) . Also found in the swamp forest of northeastern Rio Grande do Sul State (Scherer & Lorscheitter 2008 (Elsik 1996) . Microthyriumhas been recorded as a tree pathogen (e.g. Anacardium and Marantaceae) (Urben & Matos 1974) . Occurrence: Holocene lacustrine sediments of coastal plain from Rio de Janeiro (Freitas & Carvalho 2011) and Santa Catarina states (Cancelli et al. 2012) , and Plio-Pleistocene sediments from Foz do Amazonas Basin (Carvalho 2003 Kalgutkar & Jansonius (2000) . Ecological Data: a fungus spore characteristic of humid or drenched soils. Frequently recorded in tropical and subtropical regions, in coastal environments, such as lagoons and mangroves, and marine sediments. Are used to suggest humid conditions and a warm climate (Elsik 1996) . Occurrence: recorded at Lagoa da Ferradura (Armação dos Búzios County, Rio de Janeiro) associated with aquatic vegetation of brackish soils, such as Typha, Ruppia, Cyperaceae, bryophytes, Botryococcus and marine palynomorphs (Freitas & Carvalho 2011) . In coastal Holocene sediments from Santa Catarina State (Cancelli et al. 2012) , and a mangrove from Costa Rica, associated with Botryococcus and Spirogyra (Medeanic et al. 2008) . Also recorded in quaternary sediments of Foz do Amazonas Basin (Carvalho 2003) . Core Record: E.F. coordinates V46/1, 1000x magnification, GL05/10 (20.07 m depth). References: Kalgutkar & Jansonius (2000) and Freitas & Carvalho (2011) .
Final remarks
The taxonomy data and morphological descriptions allowed the identification of 30 different palynomorphs, including bryophyte (sensu lato) and pterydophyte spores, freshwater microalgi, and fungal spores. The ecological informations provided by these palynomorphs help to reveal paleoenvironmental conditions, from the coastal plains, coastal tablelands, and hills near Campos Basin. The spores from plants could be associated to the vegetation types found today in the continent, such as ombrophilous (Atlantic Rainforest), semi-deciduous forest, herbaceous and forest-swampy coastal vegetation. The freshwater microalgi and the microfungi confirm the influence of periodic and permanent flooded environments, swamp forests and aquatic environments. The plant spores found in these sediments from the continental slope suggest the high input of terrigenous during the last glacial stadial, coincident with the low sea level during the Late Pleistocene (Last Glacial Maximum).
